Objective: We studied whether the validity of fat estimates from food frequency questionnaires (FFQ) can be increased by using in nutrient calculation an additional qualitative information about the type of fat and reduced consumption of visible fat and skin. Design: A random sample of women answered an 88-item self-administered FFQ and performed 461-week weighed dietary records (DR). Setting: Uppsala County in central Sweden. Subjects: One hundred and eighty-four women aged 30±77 y, with FFQ and complete DR; 73 women with subcutaneous adipose tissue (AT) samples. Methods: Fat intake from the FFQ was calculated with/without use of qualitative information and compared to DR and fat composition of AT. Main outcome measures: Estimates of long-time intake of total fat, saturated, monounsaturated, polyunsaturated fat and ten speci®c fatty acids based on FFQ, DR and composition of AT. 
Introduction
Associations of total fat intake, of saturated, mono-and polyunsaturated fat, as well as of speci®c fatty acids with the occurrence of different chronic diseases have been studied intensively (Gordon, 1988; London et al, 1993) . However, results from analytical epidemiological studies are often contradictory (Willett, 1990) . This lack of consistency can result from poor validity of dietary assessment of fat intake as well as from differences in study design. A recognition of the strong impact of nutrient measurement error on observed associations has led to an intensive evaluation and re®nement of semiquantitative food frequency questionnaires Ða method most often used in nutritional epidemiology.
It is generally assumed that the validity of nutrient estimates from food frequency questionnaires can be increased by using qualitative information about foods consumed. However, there are few studies showing quantitative effects of such additional questions. Our purpose was therefore to evaluate the effect of qualitative information on the validity of nutrient calculations from a semiquantitative food frequency questionnaire. We speci®cally asked about the type of fat used in food preparation and about consumption of visible fat on meat and skin on poultry to improve validity of total fat and fatty acid estimates. Four weighed 1-week food records and fatty acid composition of adipose tissue were used as reference methods.
Methods

Subjects
The women were randomly selected within ®ve age strata (30±39, 40±49, 50±59, 60±69 and 70±77 y) from the total population in Uppsala county in central Sweden. To 741 women we mailed a food questionnaire and invited themÐ between March and December 1991Ðto the study, 168 (23%) directly refused, 229 (31%) did not answer our invitation letter, 25 (3%) informed us that they could not participate due to disease, 106 (14%) promised to participate in the study at some later time but did not or started study but did not complete at least one 1-week food record. Finally, 213 women participated in the validation study. Of these participants, 196 completed four 1-week food records, 6 completed three 1-weeks, 2 women two 1-weeks and 9 only one week. Food records were collected between March 1991 and December 1992. At the conclusion of the fourth week of diet recording a subcutaneous fat biopsy was obtained from the lateral buttock.
We excluded from analyses those who had less than four 1-week food records or had not ®lled in the semiquantitative food frequency questionnaire. In addition, those with more than 25 missing frequency answers in the food questionnaire were excluded. Finally, we included in most analyses the 184 women who had both four 1-week food records and a food frequency questionnaire. Due to technical problems with fat aspirate samples in analyses involving comparison with the adipose tissue composition was included only a subgroup of 73 subjects for whom adipose tissue composition was available.
Food frequency questionnaire
We used an 88-food item food frequency questionnaire (FFQ) with relative portion sizes. For foods usually eaten on a daily basis, such as milk (5 types), bread (4 types), cheese (6 types), coffee, sugar, fat on sandwiches, we had open questions about numbers of glasses of milk, slices of bread, slices of cheese, cups of coffee, teaspoons of sugar per day or week. For fat on sandwiches we asked the participants whether they usually used a thick, thin or very thin layer. For the other 58 food items listed in the questionnaire, participants were asked to estimate frequency of consumption and indicate what portion size they usually ate (small, medium, large) in relation to a speci®ed standard portion for each food item. These standard portions corresponded to`natural' units (for example one orange, 2 eggs) or typical serving sizes derived from a book on`Weight tables for foods and dishes' prepared by the Swedish Food Administration (Swedish Food Administration, 1988 ). In the FFQ there were nine prede®ned frequency categories, ranging from`never or less than once per month' to`three or more times per day'. Information about consumption of ®ve alcoholic beverages (beer 2.8% alcohol, beer 4.5%, wine 10±15%, sherry 20%, hard liquor 40%) was obtained by open-ended questions about frequency per year, per month, per week, per day and about usual number of speci®ed servings (bottles, cans, glasses) consumed at each occasion. The questionnaire included also additional questions about type of fat on the table (5 types), fat usually used in cooking (8 types), portion of visible fat from meat and part of skin from chicken/poultry usually consumed (`all',`only a part',`as much fat/skin removed as possible').
Daily energy and nutrient intake was calculated multiplying the frequency of use of each food by the indicated portion size (small 0.5; medium 1, and large 1.5 of prespeci®ed medium/standard portion) and by the nutrient content of each food item (or a weighted average nutrient composition of each food group), and then summing across all foods. The nutrient composition data used for calculations comes from the Swedish Food Administration food data base PC Version 1992 (Bergstro Èm, 1992 . For nutrient calculations missing frequency answers were treated as never or less than once per month' category.
To investigate effects of additional information from the questionnaire used for estimation of nutrients we have created four sets (F1±F4) of nutrient data calculated in different ways:
F1 without taking into account the additional information about:
(a) type of fat in cooking, and (b) consumption of visible fat in meat dishes and consumption of skin on chicken/poultry (no fat type; no fat/skin). F2 taking into account (adjusting for) type of fat in cooking but no information about visible fat and skin on poultry (adj fat type; no fat/skin).
F3 taking into account information about consumption of visible fat and skin on poultry but not type of fat in cooking (no fat type; adj fat/skin). F4 taking into account qualitative information about both type of fat usually used in cooking and consumption of visible fat in meat dishes and skin on poultry (adj fat type; adj fat/skin).
Adjustment for type of fat in cooking (F2, F4) required creating a new nutrient composition database for those foods where fat is used in preparation. In the food data base (Swedish Food Administration, 1988) all such dishes are assumed to use standard cooking margarine with 80% fat. Therefore, adjustment for another type of fat used was done by substracting the standard margarine from these dishes and replacing it by the reported type of fat usually used (fat amounts replaced according to recipes). If someone reported more than one type of fat, we calculated proportional replacement: two fat types, 50/50%, three fat types 33/33/33% etc. Adjustment for amount of fat visible in meat and/or skin on chicken/poultry usually consumed (F3, F4) also required creation of a new nutrient composition for some meat and poultry dishes. The food data base (Swedish Food Administration, 1988) includes only a limited number of such dishes with reduced amount of visible fat and skin removed from poultry. Using this information we have arbitrarily imputed fat composition at two levels of fat reduction for other missing dishes: (1) partly removed visible fat or skin' (50% reduction in total fat and fatty acids content; composition of all dishes with such degree of fat reduction was imputed); (2)`as much fat/ skin removed as possible' (we completed dishes available in the food data base PC 1992 with a few dishes with arbitrarily imputed 75% fat reduction).
Dietary records
An experienced dietician provided detailed instructions about weighing and recording all foods consumed. The dietary records were kept for four 1-week periods 3±4 months apart during the year following the administration of the semiquantitative food frequency questionnaire. Each study participant was provided with an electronic scale, a set of plastic standard household measures of volume and a food diary (including detailed written instructions). Participants were encouraged to use mainly the electronic scale and described carefully how much fat on meat and skin on chicken they have eaten. After the return of each 1-week food record the dietitian reviewed the diary and telephoned the participants, if needed, to resolve ambiguities. The dietary records were entered by two dieticians using a personal computer nutrient software package MATS (MATS program, 1992) . For nutrient calculations we used the Swedish Food Administration food data base PC Version 1992 which provides information on 52 nutrients including total fat, total saturated, total monounsaturated and total polyunsaturated fatty acids as well as fourteen speci®c fatty acids (Bergstro Èm, 1992) .
Fat aspirate collection and fatty acid analysis
Fat aspirate samples were taken from the upper outer quadrant of a buttock with a needle attached to a vacuum tube. The samples (about 10±30 mg) were left in the connector, stored frozen at 770 C, protected from light and analysed within a few weeks (Beynen & Katan, 1985) . At the time of the analysis the specimens were weighed, dissolved in hexane and homogenized. The hexane was evaporated to dryness and the triglycerides in the lipid residue were hydrolysed and transmethylated. The fatty acid methyl esters were seperated by gas-liquid chromatography on a 25 m glass capillary column using a HewlettPackard system as earlier described in detail (Boberg et al, 1985) .
Statistical analysis
The mean AE standard deviation is presented for total fat, saturated, monounsaturated and polyunsaturated fatty acids as well as for speci®c fatty acid intakes calculated from dietary records and the food questionnaire, and from fatty acid composition of the fat aspirate. Fatty acids in the fat aspirate are expressed as the percentage of total peak area, therefore we also expressed the dietary intake of each fatty acid as a relative intake, that is a percentage of total fat intake. Natural logarithmic transformations were used to improve normality. Pearson product-moment correlation and Spearman rank correlation coef®cients were used to assess the association between food records and food frequency questionnaire (four approaches to fat calculation). Furthermore Pearson and Spearman correlation coef®cients were also used to asses the association between the composition of fatty acids in adipose tissueÐused as a reference methodÐand fatty acid estimates from semiquantitative food frequency questionnaire by those four different approaches to calculation of fat intake. For comparison we have also analysed associations between adipose tissue content and mean fatty acid intakes estimated from four 1-week dietary records.
Attenuation of the Pearson correlation coef®cients between dietary records and food frequency questionnaire, caused by intraindividual day-to-day variation in the intake of fatty acids among subjects, was corrected by taking into account the within-to-between person variance ratio calculated from 28 separate days of dietary records (Liu et al, 1978; Beaton et al, 1979) . We have also determined associations between the food frequency questionnaire and dietary records using energy-adjusted fat estimates; the residual method was used for energy adjustment (Willett & Stampfer, 1986) .
The study was approved by the Ethical Committee at Uppsala University Hospital.
Results
The mean age (s.d.) of the 184 women with an available food frequency questionnaire and four 1-week food records was 51.9 (13.1) y; the corresponding value for the subgroup of 73 women who had available fatty acid composition of adipose tissue was 55.1 (12.1) y. Mean body mass index (BMI, kg/m 2 ) was 24.4 (3.8) kg/m 2 for the total group and 24.4 (3.7) kg/m 2 for the subgroup. In the total group, 40% used only standard margarine in food preparation, 40% used standard margarine and other types of fat and 20% used only other types of fat. The use of different types of fat was reported by the following percentages of women: standard cooking margarine 80%, oil 33%, olive oil 19%, butter 10%, light margarine (40% fat) 6%, rapeseed oil 5%, butter/margarine mixture 3%, table margarine 1%. The sum of the percentages is above 100% because only 50% of women reported using only one type of fat, 40% reported two types, 8% three types, 1% four types and 1% no use of fat in food preparation. Percentages of different types of fat reported by the subgroup of 73 women were very similar to those for the total group of 184 women, except for rapeseed oil which was reported by 11% of the women from the subgroup. The percentage of women in the total group who remove visible fat from meat`partly' was 19% and`totally/ as much as possible' 78%; correspondingly 25% and 73% in the subgroup. Removing skin from chicken/poultrỳ partly' was reported by 28% and`totally' by 61%; in the subgroup by 23% and 64%, respectively.
For most fatty acids mean absolute estimates of intake based on the dietary records were higher than those calculated from the questionnaire by any of the calculation methods (Table 1) . However, absolute mean estimates for eicosapentaenoic (EPA) and docosahexaenoic (DHA) acid, and the polyunsaturated/saturated (P/S) fat ratio were nearly identical for dietary records and the questionnaire. Differences between mean estimates of absolute fat intake for various ways of fat calculation (F1±F4) from food frequency questionnaires were very small, ranging from 0 for polyunsaturated fat to 4% for total fat, 5% for saturated and 6% for monounsaturated fat. Mean relative estimates of fatty acids (percent of total fat) measured by the dietary records and the questionnaire were similar for most of fatty acids with the exception for EPA and DHA. Differences between mean relative estimates based on various ways of fat calculation (F1±F4) from food questionnaires were negligible. Comparing the fat aspirate composition with both diet assessment methods we observed a similar proportion of polyunsaturated fatty acids; monounsaturates were about 80% greater and saturated fatty acids 80% less in the fat aspirate.
The correlations between the relative fatty acid intake estimates based on the food frequency questionnaire and weighed food records as well as adipose tissue composition were similar for the four ways of fat calculations (F1±F4), that is utilizing parts or the whole additional qualitative information in the FFQ about fat. Therefore in Table 2 we present only results for the most simple fat calculation, that is without adjustment for type of fat and fat/skin reduction (F1), and for fat calculation with adjustment for type of fat used in food preparation (F2), which gave slightly higher correlations for some fatty acids than the three other methods.
The majority (about 80%) of the Pearson correlation coef®cients comparing FFQ and food records estimates of fatty acids intake were in the range of r 0.5±0.6. Generally the differences between the four different approaches to calculation of fatty acid intake were negligible: mean correlations between FFQ and food records for all 14 coef®cients shown in the Table 2 were 0.49 for F1 and F3, and 0.50 for F2 and F4. Spearman rank correlation coef®cients between the food records and the food frequency questionnaire gave a similar picture of negligible differences between the four methods of fat calculation (data not shown). We expected that the effect of the adjustment for type of fat in cooking on validity of fat estimates might be more apparent in the subgroup of women (n 37), who used only other types of fat than standard cooking margarine. However, the Pearson correlation coef®cients between the FFQ and the food records did not con®rm these expectations. Maximal increases in the correlation coef®cient between different methods of fat calculation were also negligible and not larger in this subgroup (0.03 for total monounsaturated fat, for oleic acid speci®cally and for arachidonic acid) than the similar increase in the total group studied.
The correlations between FFQ-based estimates of relative fatty acid intakes and the fat aspirate composition used as an independent reference method con®rmed the lack of substantial improvement in validity of fat estimates when we used additional speci®c information about fat. The F2- Questions about fat and validity of fat estimates A Wolk et al method of fat calculation gave slightly higher coef®cients than the F1-method with F3 and F4 coef®cients lying between these two. For comparison, correlations of fat aspirate composition with the food records are also presented (Table 2) . Most of them are slightly higher than those for the food frequency questionnaire, with an exception for a-linolenic acid (r 0.36 for food records vs r 0.42 for FFQ). The correlations between the fat aspirate composition and the food records, as well as the FFQ estimates, are highest for total polyunsaturated fatty acids for records (r 0.72; for the FFQ-F2 r 0.67) and for total saturated fatty acids they are much lower (r 0.39 and r 0.34 respectively); we found no correlation between monounsaturated fatty acid intake estimated by the food records or the food frequency questionnaire and adipose tissue composition. Differences between Pearson correlation coef®cients for different ways of fat calculations in comparison to adipose tissue composition were almost negligible; the largest difference was observed for linoleic acid r 0.58 (F1 and F3) vs r 0.62 (F2 and F4). Spearman correlation coef®cients were also similar for the four methods of fat calculation (data not shown). Means of all 14 coef®cients presented in the table were the same (r 0.33) for the four FFQ methods (F1±F4) and slightly higher for the food records (r 0.38).
The correlations between the food questionnaire and the dietary record intake estimates would tend to be reduced by within-person day-to-day variation in dietary intake. The availability of 28 d of dietary records made it possible to correct the attenuated Pearson correlation coef®cients in our study by using the within-to between-person variance ratio in the dietary records. Results presented in Table 3 are based on absolute fat intake estimates (g/d). The variance ratio calculated from the log e -transformed intake of fatty acids was 1.6 for total saturated and 2.0 for total mono-and polyunsaturated fat. Correction for variation in intake estimated by the reference method (food records) increased the correlations only about 0.01±0.02 for ten of fourteen comparisons. The highest increase of deattenuated correlations was observed for EPA (0.09), DHA (0.08), docosapentaenoic (0.07) and arachidonic acid (0.05). After deattenuation mean correlations for 14 comparisons presented in Table 3 increased from 0.45 to 0.48 for F1 and to 0.49 for F2 fat calculations. Energy adjustment of the FFQ and the dietary record intake estimates using the residual method further slightly increased deattenuated Pearson correlation coef®cients; mean correlations were 0.52 for both F1 and F2 fat calculations. Independently of what kind of fat correction was applied or which analytical approach was used there were no substantial differences in validity of fat estimates between the four methods of fat calculation.
Discussion
Our study showed only a negligible improvement in validity of fat estimates when qualitative information about fats, type of fat used in food preparation and reduction of visible fat on meat and skin on poultry, was used for nutrient calculations. The mean value of 14 Pearson correlations between the food frequency questionnaire and the food records (the reference data) for different fats increased only from 0.49 to 0.50. Our results are in an agreement with results from the study by Block et al (1990a) where added questions about leanness of meat usually eaten improved the correlations only to a trivial extent or not at all. She has also shown that a reduction of the frequency questionnaire including 98-food items to 60-food items in¯uenced correlations with food records only slightly for macronutrients and for micronutrients there was only slight or no reduction (Block et al, 1990b) .
The precision of our study is relatively high since 184 subjects were included in all analyses of food records and fat estimates were based on mean values from 28 d of weighed food records. However, analyses using adipose tissue composition as the reference method include only 73 subjects. Further, correlations with adipose measurements were likely attenuated by a substantial within-person variation in fatty acid values in adipose tissue: a reproducibility correlation of adipose aspirates varied from 0.45 for total saturated fatty acids to 0.70 for total polyunsaturates over 6 In analyses log e -transformed estimates of intake are used. c Several women regularly consumed linseed (FFQ did not include question about linseed, which is a rich source of a-linolenic acid but not energy); after exclusion of ®ve subjects with high intake of a-linolenic acid (from linseed) but low energy intake, we obtained r 0.33. months in a report by Hunter and co-workers (Hunter et al, 1992) .
The external validity (generalizability) of our ®ndings is problematic to assess due to the low participation rate among eligible women. Self-selection of women can entail that those who participate are more health conscious, use different types of fat in cooking, reduce more visible fat consumption and report differently than women in general. However, we compared the use of different types of fat in cooking and consumption of visible fat with two ongoing population-based studies in Sweden. One cohort comprises about 50 000 subjects aged 30±49 y (Womens Lifestyle and Health) and another about 65 000 women aged 40± 74 y (the Swedish Mammography Cohort). No substantial differences were revealed, in the validation group the standard cooking margarine was used by 80% of women and in these two cohorts by 82% and 80%, respectively. Partial reduction of visible fat was reported by 24% women in the validation and by 23% in the Womens Lifestyle and Health;`as much as possible' reduction was reported by 70% and 72%, respectively. The food frequency questionnaire used in the Swedish Mammography Cohort did not include a question about reduction of visible fat. These data did not suggest any important differences between the women in the validity study and in more representative Swedish population samples.
Our fat corrections were based on nutrient composition values specially created for the study and often based on uncertain assumptions. Hence our corrections might be in¯uenced by errors in newly created nutrient values. This fact might hamper detection of differences in the validity of corrected fat estimates. In other study settings we might potentially expect a more clear effect of the corrections on validity of fat estimates. Nutrient values for dishes with different types of fat and for meat/poultry with reduced amount of visible fat/skin are required from extended high quality food composition data bases. More clear effects of fat corrections might also be expected in populations with a wider range of variation in the use of several types of fat in cooking.
In our study, absolute intakes of fatty acids derived from the food frequency questionnaire were lower than those from the dietary records, although the relative intakes (as a percentage of total fat) were similar. This phenomenon, observed before (Hunter et al, 1992) , may represent a general tendency to underestimate intake of many foods or lack of some foods contributing to fat intake in the questionnaire.
The highest correlations between the food questionnaire or food records and the adipose tissue composition were for total polyunsaturated fat (speci®cally for linoleic, EPA, DHA and a-linolenic acid). These high correlations with adipose tissue are consistent with previous observations and presumably re¯ect the exogenous origin of most polyunsaturated fatty acids (Hunter et al, 1992; van Staveren et al, 1986; Tjo Ènneland et al, 1993; Jacobsen et al, 1993) . Hunter et al (1992) reported correlation coef®cient of 0.48 between a self-administrated food-frequency questionnaire and fat aspirate measures of total polyunsaturated fatty acids for men from the Boston area. Van Staveren et al (1986) reported 0.68 for correlation between adipose tissue and 19624 h recalls of diet among Dutch women. Tjùnneland et al (1993) London et al (1991) reported lower correlation coef®cient of 0.37 for total polyunsaturated fatty acids in US women.
Few data exist on the association between consumption of fatty acids present in ®sh oil and their content in adipose tissue. The high correlations observed for EPA (0.61) and DHA (0.54) in our study are consistent with ®ndings by Tjùnneland et al (1993) in Danish women, 0.61 for EPA and 0.57 for DHA. However, they reported lower correlations in Danish men, 0.15 and 0.47 respectively. London et al (1991) showed a correlation coef®cient of 0.48 for EPA and DHA in US women and Hunter et al (1992) reported a correlation coef®cient of 0.42 for EPA in US men. These data collectively support the idea that adipose tissue content of EPA and DHA re¯ect dietary intake. The higher correlations observed in our study between the FFQ-based estimates and the adipose tissue composition for total polyunsaturated fat, linoleic and a-linolenic fatty acid than between the FFQ and the food records were probably due to timing of data collection, that is FFQ was administered before food records, while composition of adipose tissue re¯ected a fat consumption up to 1±2 y ago (half-life for linoleic acid is approximately 680 d) (Dayton et al, 1966) thus covering the same time period as FFQ. Our results also point out that the weighed food records did not do that much better overall than did the food frequency questionnaire, in correlations with adipose tissue composition.
Deattenuation of Pearson correlation coef®cients between the food frequency questionnaire and food records generally did not substantially increase these coef®cients in our study because 28 d of food records reduced the variability in intake of most fatty acids in the study population reasonably well. Our study suggests that greater improvements in validity (comparing the food frequency questionnaire with the food records) can be achieved by adjustment for energy intake, and secondarily by consideration of measurement error in the diet record, than by additional questions aimed at better precision of fat intake estimates.
Conclusions
In summary, we found that in the population studied, the increase in the validity of fat consumption estimates after corrections for type of added fat and the avoidance of visible fat on meat and poultry was very small. This ®nding might not necessarily apply to a population with a greater variation in these speci®c practices. Our study showed indeed that energy adjustment had greater impact on observed validity of fat estimates than asking additional questions regarding food preparation. Moreover, our study adds further evidence that adipose tissue composition is a valid biomarker for total polyunsaturated fatty acids and for speci®c polyunsaturated fatty acids as linoleic, EPA, DHA and a-linolenic; the validity of food frequency questionnaire estimates of intake of these fatty acids may be higher than previously appreciated.
